Maize is the most important and strategic crop in Mexico, however, this sector suffers from low productivity. Among the various strategies to improve yield by hectare, improved maize seeds play an important role. In this context, adoption studies in Mexico of these types of seeds are scarce and in general do not jointly account for the timing of adoption factors affecting the adoption decision. This study analysed the determinants of the adoption rates of improved seeds using the survival analysis method. Farm-level data were collected in 2015 through a questionnaire administered to 200 maize farmers in Chiapas, Mexico. Our results showed that 60% of the farmers who adopted the improved seeds reached the decision within a 10 years' period. Specifically, young farmers with a low number of family members from several generations of agricultural work, who exhibited positive attitudes towards innovation and with low risk perception were likely to adopt the new varieties. Furthermore, results showed that the NAFTA Mexican reform of agricultural policy in 1994 negatively affected the adoption rate of improved seeds. Improving the maize yield requires adequate extension information systems that allow farmers to receive more information on the importance of adoption innovation as well as help them market their products.
Introduction
The globalization and liberalization of food markets as well as the agriculture sector in particular have created a scenario where the predominant position is to achieve food security from comparative and competitive advantages. In light of this, Mexico has resorted to importing maize (14.1 million tons in 2016) [1] . In 2016, maize (Zea mays L.) production in Mexico was estimated at 28.2 million tons, with 2.95 t/ha and an increase of 77% in imports [1] . The low level of maize productivity in Mexico has become a national food security issue as maize has been the main food product, especially in rural areas with extreme poverty and higher marginalization. The annual consumption of maize is estimated at 123 kg per capita, well above the worldwide average of 16.8 kg per capita [2] .
The UN Food and Agriculture Organization (FAO) has estimated that maize production will not satisfy the global demand by 2050 as a result of climate change, the shortage of production inputs and the emergence of new pests and diseases [3] . Consequently, the price of basic grains will increase significantly on the international market, making the import of maize into Mexico very costly [4] . Therefore, improving maize productivity is indispensable to meet future food demand and to ensure sustainable production. The supply of healthy and safe food at a reasonable cost of the production systems are the socio-economic dimensions of sustainable agriculture [5] . To improve and ensure Mexican food security policy, maize production in country should increase to meet the increasing demand for maize. This strategy is particularly relevant when the reduction of arable land due to population growth is taken into consideration. Accordingly, increasing productivity through the adoption of technological innovation is fundamental in mediating these issues. The production of maize in Mexico is mostly carried out in non-irrigated lands by small producers (less than five hectares) and low yields. Turrent et al. [6] estimated that the potential for maize production in Mexico was 52 million tons, of which 28 million would be feasible to achieve in the short term. This short-term increase could be reached without increasing the amount of agricultural land used, without cultivating transgenic maize and with good agronomic practices. The conservation of productive resources and the environment constitute the two basic requirements of the ecological variable of sustainable agriculture [5] . Therefore, increasing maize production and yields are feasible options under non-irrigated conditions, especially through the adoption of improved seeds [7] .
The improvements in maize seed in Mexico in the last fifty years has been one of the most studied topics in agricultural research, partnered with the objective to increase its adoption. A number of hybrids and open-pollinated varieties (OPVs) have been developed and disseminated for boosting production under various environmental conditions. Luna et al. [8] noted that the first improved maize varieties were developed in 1947. Currently, 1595 varieties of maize have already been released [9] . Nevertheless, acceptance of the improved seeds remains low amongst farmers, particularly small farmers. The planted area only represents 2.7 million hectares of a total of 6.1 million hectares of total production in Mexico [10] . To illustrate, the state of Chiapas has the largest demand for maize seed and the highest potential for increasing production, however, it is still one of the states with the lowest adoption rates of improved seeds (30%) due to the low-perceived advantage of this technology [1] . Furthermore, there are a wide range of factors that may affect the ability of farmers to adopt technologies at the farm level such as socio-economical, institutional, cultural and political conditions and variables [11] . The price of the seed and the cost of innovation are key factors at play in the adoption of improved seeds in Mexico. Nevertheless, there is evidence that small-scale farmers are willing to use improved seed if it clearly increases yields and if innovations are affordable, as shown in studies in El Salvador, Zimbabwe, China and Kenya [12] .
The success of the research and development of innovation usually occurs when farmers make effective use of technology. Cimmyt [13] noted that all institutions involved in the generation and the transfer of agricultural technology must be able to design and conduct studies that clearly identify the adoption rate and explain the motivations and determinant factors of farmers. Although several studies have examined the adoption and diffusion of new varieties, these studies have been limited to determining the rate of adoption and the factors that affected the decisions at a given time, generally through statistical analysis based mainly on probit, logit, or tobit models [14] . The length of time or duration that farmers wait before adopting a new technology may be expected to depend on a number of economic, social and institutional factors, some of which vary with time (for example, the age of the farmer and major reform, policy and regulation introduction) and some of which do not (for example, the sex of the farmer, education level). This paper examined the adoption behaviour over time of improved maize seeds of smallholder farmers in the Chiapas, Mexico using survival analysis, a statistical technique which provides numerical and graphical summaries of duration data and allows the researcher to investigate the effects of explanatory variables on the duration of stay of an individual in a given state. Duration analysis, therefore, allowed us to determine not only why farmers adopted improved maize seeds but also when they adopted and what factors influenced the observed time patterns. Additionally, one of the advantages of survival analysis is that it allows for the study of the heterogeneous decision of adoption [15] . Up to now, few studies have followed this approach at a Mexican agricultural level. Hattam et al. [16] analysed organic adoption decisions using a rich set of time-to-organic durations collected from avocado small-holders in Michoacán, Mexico. In this context, the analysis of the adoption behaviour of maize seed farmers is still scarce. The survival analysis method is a method of statistical treatment of survival times, which not only makes proper allowances for those observations that are censored but also makes use of the information from subjects up to the time when they are censored. This technique is a useful tool that may play a significant role in generating evidence-based information on survival time.
Thus, this work contributes to the previous literature by extending the survival analysis traditional studies to consider farmer attitudes and risk perceptions as relevant factors in explaining the decision to adopt. In this regard, attitudes and preferences are important determinants of adoption decisions [17, 18] . To capture and simplify this complexity, the Principal Components Analysis (PCA) was used; the resulting factors from PCA are used as explanatory variables of improved seed adoption. Furthermore, the research is expected to provide the foundation for greater efficiency of agricultural policies as well as help generate and transfer technologies. Importantly, a better understanding of the underlying dynamics of the adoption may help improve strategies to accelerate adoption.
Adoption of Improved Seeds
One of the factors that limits the growth of the Mexican agricultural sector is the lack of generation and, particularly, the adoption of new production technologies (30%) [19] . Adoption is understood, in the context of technological innovations, as the process by which the agricultural producer replaces one activity with another, previously unknown. This implies learning and changing its production function [20] .
The adoption of a technology is a dynamic process and in the context of risky production such as that of the agricultural sector, learning about the structure of the production process is important. Welch [21] suggests that farmers know that what is learned today is useful in the future and, therefore, they can deliberately experiment with the inputs, knowing that they will not be able to optimize in the short term but to discover more about the factors of production to help in the optimal operation of their system in the future.
Several studies [22, 23] have summarized the factors that influence adoption decisions in agriculture. The most relevant factors that can influence the decision to convert include: the characteristics of the farmer [13] , the structure and management of the farm [24] , information sources [25] , risk [26] , economic resources and availability of machinery [27] and attitudes and opinions [28] .
In terms of yield, improved varieties have been shown to be significantly superior to native ones [6] but small producers often prefer their local varieties. This is mainly due to certain advantages such as adaptation to local climatic conditions and stability to climatic variability [6] . The preference of creole varieties occurs more frequently when farmers are located in isolated production areas and on slopes with poor soils [29] . So, the development of maize varieties based on the farmers' preferences and better adapted to new climatic conditions is vital for future food production [30, 31] . The United Nations Organization mentions that in developing countries, only an average of 50% of the area of maize is cultivated with modern varieties including hybrids and improved free-pollinated varieties, while in developed countries the use of modern varieties is close to 100% [30] .
Seed production in Mexico is in the hands of both the national and international private sector, which participates with 94% of the market while the public sector maintains 6%. In Mexico, Bayer-Monsanto, DuPont, Syngenta and Dow AgroSciences dominate the market [32] . The sale prices of the improved seeds in Mexico being the highest in the world. A thousand seeds of maize are traded at US $2.7, compared to US $1.3 in the United States maize band [33] . For the government, the original seed is produced by the National Institute of Forestry, Agriculture and Livestock Research Postgraduate College, Autonomous Chapingo University, Antonio Narro University and the International Centre for Maize and Wheat Improvement (CIMMYT). The private, public and social sectors are responsible for multiplying, distributing and selling it.
The supply of improved maize seeds in Mexico in the period 2009-2010 was 62.55 thousand tons. Likewise, the average total quantity demanded of seed in the same period was 160.22 thousand tons per year. Of this figure, 68.17 thousand tons corresponded to improved seed and 92.05 thousand tons to creole seed [34] . Seed production is concentrated in the Northwest and Bajio states. Therefore, it is not a coincidence that Jalisco, Michoacán, Sinaloa, Guerrero and Guanajuato are among the states with the highest consumption of improved seed, states where the area sown with this type of input is greater than 70% [1]. In contrast, the states with strong rooting of native seeds for planting are Oaxaca, Chiapas, Mexico and Puebla.
However, to improve the productivity of the maize sector, the adoption of improved seeds should be part of the adoption of a technological package [35] . Young farmers are more likely to adopt a new technology because they have had more schooling, they accept changes more quickly and consequently the risks [13] . In contrast, older farmers distrust agricultural practices that are different from those traditionally applied in the past [36] . Feder et al. [27] mention that the size of the family plays an important role in the provision of labour. The adoption of new varieties requires more labour inputs and it is assumed that large families provide the labour required to improve maize production practices. Another important factor is the information media used by farmers since they depend on knowing the benefits of technological innovations and decide to adopt [37] . In addition, having a better income is positively associated with the adoption of technologies [38] .
Alcon et al. [39] mention that the adoption of technological innovation has been developed along two different lines to explain why some farmers adopt and why others do not. One route uses discrete choice models at the individual level, while the other uses aggregate models that describe the process of adopting a technology and its possible future evolution. The most common approach to explain this categorical variable has been the use of logit or probit models. An extension of this approach is to consider the question of when people adopt and, therefore, allow consideration of the distinction between first and last adopters and the impact of variables that change over time. In these works, the adoption of technology is presented as a dynamic process where farmers learn about technology over time and adopt when the expected benefits of doing so are positive. These works generally explain the time that it takes for an individual to become a potential adopter until adoption takes place by analysing the duration.
Materials and Methods

Study Area
Maize is the most dominant crop of Southern Mexico, where the highest rates of extreme poverty and subsistence agriculture are concentrated [40] . The state of Chiapas is located in the south-eastern tip of the country bordering Guatemala; it has an area of over 70,000 square kilometres and has the highest poverty, extreme poverty and marginalization rates. The percentage of the population in poverty is 76.2%, which is equivalent to 3.961 million people in this condition [41] (Figure 1 ).
Maize is the most dominant crop of Southern Mexico, where the highest rates of extreme poverty and subsistence agriculture are concentrated [40] . The state of Chiapas is located in the south-eastern tip of the country bordering Guatemala; it has an area of over 70,000 square kilometres and has the highest poverty, extreme poverty and marginalization rates. The percentage of the population in poverty is 76.2%, which is equivalent to 3.961 million people in this condition [41] (Figure 1) . Farming represents 8% of the gross domestic product of Chiapas and generates employment for 40% of its economically active population [43] . This region generates great surpluses of maize, which are destined for other parts of Mexico but is still dominated by small-scale farmers who produce for the market and for self-consumption. Nowadays 696,000 hectares of maize are planted, out of which Farming represents 8% of the gross domestic product of Chiapas and generates employment for 40% of its economically active population [43] . This region generates great surpluses of maize, which are destined for other parts of Mexico but is still dominated by small-scale farmers who produce for the market and for self-consumption. Nowadays 696,000 hectares of maize are planted, out of which only 240,629 hectares are sown with improved seeds [1] . The average yield is 1.6 tha −1 and traditionally, this crop constitutes the diet of the inhabitants. Its planting is linked with a number of cultural, socio-political and economic phenomena since it entails food security and employment for three out of five farmers of its land [44] .
In the state of Chiapas, the Frailesca region is the biggest maize-producing region [45] . Within the Frailesca region, the municipalities of Villa Corzo, Villaflores, La Concordia and Chiapas de Corzo stand out.
The territory of Frailesca represents 10.7% of the state surface, making it the second largest region of the state. The region has climates of warm and semi-warm groups, with abundant rainfall in summer. During the months of May to October, the average minimum temperature ranges between 12 • C and up to 21 • C. In this same period, the average maximum temperature varies between 21 • C and up to 34.5 • C. The precipitations in these months range between 1000 mm and 2600 mm [45] .
In the Frailesca, three types of land can be distinguished, classified by their physiographic position. All the lands located on the margins of the rivers are known as vegas or shallows, which represent 10% of the total area. Another type of land are the terraces, which have a slope between 5% and 20% and represent 56% of the surface. The third type of land is located on slopes, which have slopes greater than 20% and occupy 34% of the surface [45] .
Definition of Sample Size
Data were collected from a face-to-face survey with a sample of 200 farmers that was carried out in January and March of 2015; the sample was stratified by seed variety (creole and improved), region (post district), farm size and farmer age. Additionally, the interviews were made in a zone of potential maize production in the state of Chiapas: the towns of Villaflores, Chiapa de Corzo, Villacorzo and La Concordia (Production > 54,000 tons a year [46] . In order to determine the sample size, information was used regarding the farmers who were registered in the Programa de Apoyos Directos al Campo (PROCAMPO) (A program that promotes and finances agriculture activities in the regions of this study) a program intended to promote and finance agriculture in the counties above-mentioned. Notably, farmers enrolled in this program represent 98% of total maize farmers [1] . The total population of farmers enrolled in PROCAMPO was 10,800. The sample size was calculated as finite populations with 95% as the significance level NS and error of 6.87%. The methodological focus followed in this study is better explained in the following scheme ( Figure 2 ). 
Methodological Framework
In comparison to the traditional models such as logit, probit and tobit, survival analysis is like Tobit usable for heterogeneous populations with incomplete observations (censored) [11] . However, while Tobit model assumes a normal distribution of the dependent variable, the survival analysis allows for models that do not need any assumption of the underlying baseline distribution of the time-to-event data that tends to violate the normality assumption. It further allows the incorporation of external fixed and time dependent factors and to provide the time of adoption and what are the factors that influence this decision. The Duration Analysis (DA) is able to analyse the changes in the explanatory factors both across farmers and time, thus dealing with both the decision and diffusion of the improved seed adoption. The DA allows for the inclusion of cross-sectional and time-variant data jointly in a dynamic framework [47] . The first application in economics was conducted by Lancaster [17] , who analysed the duration of unemployment. In the agriculture sector, survival analysis has been applied in several studies such as the adoption of conservation tillage [18] , improved seed [19] [20] [21] [22] [23] , sustainable technology adoption [24] , greenhouses [25] , organic agriculture [26] , adoption of cross-bred cows [16] , adoption of fertilizer and herbicide [27] and drip irrigation [28] .
In this paper, we investigated why farmers adopted improved seed but also the timing of the adoption and the time-varying exogenous factors that influenced their decision. The DA was selected because of its capacity to better answer our main research questions and because of our data and sample characteristics (heterogeneous population, censored time variable with violated assumption 
In this paper, we investigated why farmers adopted improved seed but also the timing of the adoption and the time-varying exogenous factors that influenced their decision. The DA was selected because of its capacity to better answer our main research questions and because of our data and sample characteristics (heterogeneous population, censored time variable with violated assumption This statistical method provides us with a methodology and tools that allow for the analysis of the time-event relationship in more flexible conditions. Let T be a nonnegative random variable that measures the length of a spell (the adoption of improved seed). Additionally, consider t as a realization of (T) where the observed durations of each subject consist of a series of data (t 1 < t 2 < . . . t n ). Let f (t) be a continuous probability distribution function (PDF) of T. The probability distribution of the duration variable can be specified by the cumulative density function (CDF) [48, 49] .
Equation (1) is the probability of T to be smaller than a value t. Nevertheless, researchers are interested in the probability that T has a length of at least t. This probability is given by the survival function as:
The probability that the duration of adoption occurs in an infinitesimal time period ∆t after time t (given that the non-adoption decision has lasted up to t is:
In a further step, the hazard function h(t) is defined as the probability that a farmer adopts the improved seeds at time t (i.e., T = t), given he has not adopted it before t.
The hazard function can be further mathematically expressed as follows,
In addition to the length of the duration time of adoption, a set of explanatory variables may affect the distribution of the duration. This means that the h(t) should be respecified and redefined as follows [50] :
where β is a vector of unknown parameters of x; the vector of explanatory variables, which may include time-invariant and time-varying variables; and θ is a vector of parameters that characterize the distribution function of the hazard rate. After the inclusion of the explanatory variables, the hazard function h(t, x, θ, β) can be split into two components. The first component is the part of the hazard that depends on the subject characteristics g(x, β). The second one is the baseline hazard function h 0 (t), which is equal to the hazard when all covariates are zero. Notably, the latter one does not depend on individual characteristics; this component captures the way the hazard rate varies in duration. In this context, the shape (distribution function) of the hazard function has important implications for duration dynamics. In our case study, the non-parametric method of the Kaplan-Meier (KM) estimator [51] was used to explore the covariate effects and the potential distribution to be used if the parametric approach was applied. The KM estimator produced an empirical approximation of survival and hazard, which is similar to an exploratory data analysis; denoting the distinct failure times of individuals as t 1 < t 2 < . . . t n .
In our study, the semiparametric Cox proportional hazards model [52] was used to estimate the survival data and explain the effect of explanatory variables on hazard rates. This model was used because of its better fit [48] , robustness [53] and no assumptions of any previous distribution and shape of the hazard function. Under the Cox proportional hazards model, the duration of each farmer is assumed to follow its own hazard function h i (t) which can be expressed as:
where ∝ (t) = log h 0 (t) and β are the proportional effects of x on the probability of improved seed adoption. The estimation procedure is based on the partial likelihood function; more details are available in Cox [52] . The estimation was performed by the R software version 3.3 survival package.
Empirical Application
For the empirical application of the survival analysis, first, the dependent variable that represents the last time to decide to adopt the innovation or the technology was identified. In our case study, the start date was set as the year in which the farmer was responsible for cultivating maize. Additionally, the end period was the year in which the farmer adopted the technology of the improved seeds of maize. For those who had not adopted the technology when the study was conducted, their end year was set as a censored value. Although adoption could take place in the future, for these cases, the statistical procedure of the time variable was censored on the right with the date on which the survey was established as final data.
Regarding the independent variables, according to the literature, the decision of adoption may depend on a broad set of determinant factors that include features of innovation and policy, expectations of farmers, farm structure and the socio-economic environment [54] as well as the behaviours, attitudes and opinions toward innovation and risk. According to the studies reviewed, the most important factors that influence decision making in agriculture are:
(1) Farmer Characteristics (F): gender, education, age, experience and so forth [55, 56] . (2) Farm structure (S): location, farm size, production system, irrigation method, labour, machinery, maize varieties used [39, 57, 58] . (3) Farm Economic data (EC): revenue and production costs, access to credit [59, 60] . (4) External factors (E): external factors like media contact, technical assistance, agricultural policies, government programs, access and overtures to universities or research institutions [61] . (5) Farm management and results (M): aspects such as performance and productivity [62, 63] . (6) Attitudes and risk perceptions (A): aspects such as resistance to change and interest in technological innovation [17, 59] .
Attitudes and risk perceptions play an important role as determinants of the adoption of improved seeds [59, [64] [65] [66] and they were presented in different constructs including various measured items in a Likert scale from zero to 10, where zero indicated that the farmer was not at all in agreement with the claims submitted and 10 was total agreement. Identified affirmations were discussed and analysed in a discussion group formed by various researchers involved in the study. The information contained in the constructs were validated and reduced through the Confirmatory Principal Component Analysis (PCA) following [67] . The variables used are presented in Table 1 with the corresponding reference and the factors resulting from PCA were used as explanatory covariate adoptions of improved maize seeds. Table 1 . Variables on attitudes and preferences used in the study.
Attitudinal Variables References
The sale of improved maize prices to cover the higher production costs [ 
Risk Variables References
Risk from marketing is less with improved seeds [72] The risks from proliferation of pests and diseases are lower with improved seeds [60, 73] There is less risk for lending to farmers with improved seeds [60, 73] The risk from fluctuation is lower yields improved seeds [74, 75] The risk from drought is less with improved seeds [75] [76] [77] The risk of losses due to frost is less with improved seeds [75, 76] We also included a dummy variable representing the impact of agricultural reform, specifically, the Free Trade Agreement with North America (NAFTA). Trade liberalization was launched in 1994, reinforcing the role of transnational agribusiness that supported the dissemination of technological packages, improved seeds and herbicides and chemical fertilizers through subsidies or production campaigns [35] . Accordingly, the variable had a value of one if the farmer adopted improved seeds after the entry into NAFTA and zero otherwise. Furthermore, economic liberalization formally began when Mexico signed the General Agreement on Custom Duties and Trade (GATT) in 1986. Mexico also went through various internal reforms. From the mid-thirties to early nineties, the Mexican grain sector was supported by the Government through the National Company of Popular Subsistence (Conasupo). In 1999, this company was shut down and government involvement in the sector was reduced to the retail sale of grain through the DICONSA network, the allocation of imports of maize and the Kilo for Kilo program. The Kilo for Kilo program was a tool for technological induction, for producers to use improved seeds. Payments by the Rural Support Program (PROCAMPO) were introduced in 1994 and consists in transferring direct income to farmers who produce basic crops including maize. Transfers are made per hectare and are independent of productivity. Since 1991, the controlled Support to Commercialization program (ASERCA) has provided support for the commercialization of some basic crops in regions with surpluses. The Rural Alliance program was created in 1995 with the main objective to increase agricultural productivity and provide farmers with funds for investment and health projects. In short, PROCAMPO, ASERCA and the Rural Alliance were created as transition policies so that producers would face foreign competition and to transform the structure of agricultural production in Mexico [78] .
Results
Descriptive Analysis of Hypothetical Variables
The confirmatory ACP results indicate that a single factor (potential acceptance of improved maize seeds) explains 68% of the variability in the original variables, with accepted goodness of fit measures. Similarly, another factor regarding risk aversion behaviour was estimated with 56% of variability explanation (Table 2) . Both factors were used to segment farmers according to their attitudes towards improved seeds and risk perception. In both cases, the results showed the presence of three clearly differentiated clusters: (1) In transition: neutral attitude toward the improved seeds (n = 105), (2) Conservative: negative attitude towards the improved seeds (n = 37) and (3) Innovative: positive attitude towards the improved seeds (n = 58). Regarding the attitudes towards risk, the segments were: risk averse, risk neutral and risk loving. Using the AHP methodology, we also identified the main objectives that farmers used as a reference to guide its operation. Notably, the economic objectives were the most important (63.50%, 51.16% and 48.46% for farmers in transition, conservative and innovative categories, respectively), followed by environmental (22.32%, 27.75%, 38.88%) and socio-cultural objectives (14.18%, 21.09%, 12.67%). Importantly, farmers in transition had an increased interest in the economic objectives, while the conservatives had an increased interest in the socio-cultural and the innovators in the environmental objectives. Table 3 shows the descriptive statistics of the main variables that influence the time of adoption of improved seed maize by farmers. The table showed that of the 200 farmers, 20% were censored (non-adopters) and the rest (80%) were adopters of improved seeds at the time of conducting the survey. Farmers who adopted had an average age of 51 years old; had three family members and a higher education. They were farmers who had attended courses on technology; they also had about five hectares of land cultivated with a yield of 4 Tn·ha −1 . Comparatively, the censored farmers were older (75 years old), with six family members and were illiterate, had basic education, or secondary education. Additionally, they did not attend courses on technology. These were farmers with an area of two hectares of arable land and their yield was 2 Tn·ha −1 . It is important to mention that two analyses were performed: First, a non-parametric (Kaplan-Meier) analysis where each variable was analysed separately to analyse whether the curves were equal or not. In cases where the survival curves estimated for each group were markedly different, the estimator of the cumulative risk function was calculated for each group, with which it could be observed that the group had a higher risk of failure as time elapsed. Finally, in the case where the survival curves and the accumulated risk showed a difference in the treatments, then this fact was corroborated with the log-rank test. Second, all variables that influenced the occurrence of the fault event (preliminary analysis) were used for a semi-parametric analysis (Cox Model), which showed the variables that fulfilled the assumptions that the Cox model calls for and are significant.
Econometric Analysis
The non-parametric analysis of the adoption periods considers the nature of the censored data and is carried out through an estimated survival function according to Kaplan-Meier (KM). This information allowed us to suggest appropriate functional forms for parametric analysis in case they needed to be performed [79] . In addition, it helped represent the speed of adoption of the improved seeds in different farmer groups. The KM method was used in our case study to summarize the length of time before farmers adopted improved maize seeds. Figure 3 is used to describe the adoption-spell, which is the difference between the first year when the farmer is responsible for planting maize and the first year of the adoption of improved maize seeds. The horizontal axis shows the number of years that elapsed since the first year as responsible for planting maize until the first adoption of improved seed and the vertical axis shows the respective probabilities.
the estimator of the cumulative risk function was calculated for each group, with which it could be observed that the group had a higher risk of failure as time elapsed. Finally, in the case where the survival curves and the accumulated risk showed a difference in the treatments, then this fact was corroborated with the log-rank test. Second, all variables that influenced the occurrence of the fault event (preliminary analysis) were used for a semi-parametric analysis (Cox Model), which showed the variables that fulfilled the assumptions that the Cox model calls for and are significant.
The non-parametric analysis of the adoption periods considers the nature of the censored data and is carried out through an estimated survival function according to Kaplan-Meier (KM). This information allowed us to suggest appropriate functional forms for parametric analysis in case they needed to be performed [79] . In addition, it helped represent the speed of adoption of the improved seeds in different farmer groups. The KM method was used in our case study to summarize the length of time before farmers adopted improved maize seeds. Figure 3 is used to describe the adoption-spell, which is the difference between the first year when the farmer is responsible for planting maize and the first year of the adoption of improved maize seeds. The horizontal axis shows the number of years that elapsed since the first year as responsible for planting maize until the first adoption of improved seed and the vertical axis shows the respective probabilities. The curve shows that 60% of farmers using improved seeds adopted their use within 10 years after they were responsible for planting. Approximately 80% of farmers changed to improved seed in the first 25 years, as shown in Figure 4 .
The above statements were confirmed by the function of cumulative risk (Figure 4) , showing that there was a slow adoption in the early years. Mexican farmers showed a moderate trend over time for change, which is due to an attitude of distrust of different agricultural practices from those traditionally held. The farmer does not immediately adopt the improved seeds, instead preferring to wait for someone else to do it first. Based on this experience, potential users decide whether or not to use it, as also mentioned by Rivera and Romero [36] . These results are in contrast with those provided by Bekele and Abebe [55] in Ethiopia, where 50% of farmers adopted hybrid maize during the two first years after the first exposure, then the rate of adoption dropped. Furthermore, in the case of the adoption of new wheat varieties in Pakistan, farmers adopted within the first six years [80] . The curve shows that 60% of farmers using improved seeds adopted their use within 10 years after they were responsible for planting. Approximately 80% of farmers changed to improved seed in the first 25 years, as shown in Figure 4 . The quality of the information that farmers have about agricultural technologies may affect their decision to adopt. Figure 5 relates to the quality of information and the adoption rate of our sample. Results showed that farmers who received information from a qualified institution or individual (agricultural technician) agreed to adopt improved seeds, while only 40% (28 of 68) receiving information from another source (employees, family, another farmer, media, consumers and wholesalers) decided to change. Our results were in agreement with what Rogers [81] noted about the quality and reliability of information in potential adopters increasing the likelihood of adoption. The above statements were confirmed by the function of cumulative risk (Figure 4) , showing that there was a slow adoption in the early years. Mexican farmers showed a moderate trend over time for change, which is due to an attitude of distrust of different agricultural practices from those traditionally held. The farmer does not immediately adopt the improved seeds, instead preferring to wait for someone else to do it first. Based on this experience, potential users decide whether or not to use it, as also mentioned by Rivera and Romero [36] . These results are in contrast with those provided by Bekele and Abebe [55] in Ethiopia, where 50% of farmers adopted hybrid maize during the two first years after the first exposure, then the rate of adoption dropped. Furthermore, in the case of the adoption of new wheat varieties in Pakistan, farmers adopted within the first six years [80] .
The quality of the information that farmers have about agricultural technologies may affect their decision to adopt. Figure 5 relates to the quality of information and the adoption rate of our sample. Results showed that farmers who received information from a qualified institution or individual (agricultural technician) agreed to adopt improved seeds, while only 40% (28 of 68) receiving information from another source (employees, family, another farmer, media, consumers and wholesalers) decided to change. Our results were in agreement with what Rogers [81] noted about the quality and reliability of information in potential adopters increasing the likelihood of adoption. The quality of the information that farmers have about agricultural technologies may affect their decision to adopt. Figure 5 relates to the quality of information and the adoption rate of our sample. Results showed that farmers who received information from a qualified institution or individual (agricultural technician) agreed to adopt improved seeds, while only 40% (28 of 68) receiving information from another source (employees, family, another farmer, media, consumers and wholesalers) decided to change. Our results were in agreement with what Rogers [81] noted about the quality and reliability of information in potential adopters increasing the likelihood of adoption. Results of the KM estimator for the different regions analysed are presented in Figure 6 . The results showed some level of heterogeneity among areas, for example, in the first twenty years, farmers in the region with the highest adoption rate were from Chiapas de Corzo, while the region of Villaflores exhibited the lowest adoption rate. These results were in agreement with the fact that Chiapas de Corzo is strategic, as it is located 15 km from the centre of Tuxtla Gutierrez (the State capital) with better communication networks for the logistics of harvesting, marketing and access to better information.
These results affirm the findings of Abdulai and Huffman [82] , whose studies found a negative and significant association between the distance of the market (big city) and the adoption of new agricultural technologies. In this context, previous studies have mentioned that the distance from the farm to the market may affect the adoption of agricultural technologies, especially in developing countries where communication networks are underdeveloped [83] . Additionally, Rogers [84] emphasized that those farmers living near the cities had higher adoption rates. Furthermore, they Results of the KM estimator for the different regions analysed are presented in Figure 6 . The results showed some level of heterogeneity among areas, for example, in the first twenty years, farmers in the region with the highest adoption rate were from Chiapas de Corzo, while the region of Villaflores exhibited the lowest adoption rate. These results were in agreement with the fact that Chiapas de Corzo is strategic, as it is located 15 km from the centre of Tuxtla Gutierrez (the State capital) with better communication networks for the logistics of harvesting, marketing and access to better information. noted that this behaviour was attributed to reduced transport costs and to the higher possibility of easily contacting new extension workers and other farmers. Figure 7 explains the Kaplan-Meier estimator of the survival function disaggregated by attitudes. The results showed some level of heterogeneity; for example, farmers who had a positive attitude towards improved seeds tended to adopt them more quickly. The results also suggested that farmers with positive attitudes and opinions toward improved seed maize had a shorter duration. These results affirm the findings of Abdulai and Huffman [82] , whose studies found a negative and significant association between the distance of the market (big city) and the adoption of new agricultural technologies. In this context, previous studies have mentioned that the distance from the farm to the market may affect the adoption of agricultural technologies, especially in developing countries where communication networks are underdeveloped [83] . Additionally, Rogers [84] emphasized that those farmers living near the cities had higher adoption rates. Furthermore, they noted that this behaviour was attributed to reduced transport costs and to the higher possibility of easily contacting new extension workers and other farmers. Figure 7 explains the Kaplan-Meier estimator of the survival function disaggregated by attitudes. The results showed some level of heterogeneity; for example, farmers who had a positive attitude towards improved seeds tended to adopt them more quickly. The results also suggested that farmers with positive attitudes and opinions toward improved seed maize had a shorter duration. Parra and Calatrava [85] also found that positive attitudes positively influenced the decision to adopt. Figure 7 explains the Kaplan-Meier estimator of the survival function disaggregated by attitudes. The results showed some level of heterogeneity; for example, farmers who had a positive attitude towards improved seeds tended to adopt them more quickly. The results also suggested that farmers with positive attitudes and opinions toward improved seed maize had a shorter duration. Parra and Calatrava [85] also found that positive attitudes positively influenced the decision to adopt. Figure 8 shows that farmers who were more cautious in managing water resource for irrigation had a faster adoption rate. The farmer's perception of risk and their attitude towards the improved seeds played a decisive role in the decision-making process of adoption. The literature reports that the uncertainty generated in farmers is associated with the perceived risks in several areas. On the one hand, there is the availability of physical and financial resources that count; and on the other, the aspects of expected profitability with the use of the new technology in addition to the risk and uncertainty of grain prices in the market and the personal characteristics of the farmer in terms of their partial or total disposition to change [86] .
Regarding the availability of physical and financial resources, the total area reflecting household wealth is an indicator of the farmer's ability to take greater risks and be willing to use improved maize seeds [87] . Figure 8 shows that farmers who were more cautious in managing water resource for irrigation had a faster adoption rate. The farmer's perception of risk and their attitude towards the improved seeds played a decisive role in the decision-making process of adoption. The literature reports that the uncertainty generated in farmers is associated with the perceived risks in several areas. On the one hand, there is the availability of physical and financial resources that count; and on the other, the aspects of expected profitability with the use of the new technology in addition to the risk and uncertainty of grain prices in the market and the personal characteristics of the farmer in terms of their partial or total disposition to change [86] .
Regarding the availability of physical and financial resources, the total area reflecting household wealth is an indicator of the farmer's ability to take greater risks and be willing to use improved maize seeds [87] .
To estimate the risk and survival functions that consider the effect of different independent variables, we used the semi-parametric proportional risk model from Cox [52] because it does not impose any restrictions on how the baseline risk function should be and also because it performed better with our dataset. The model was estimated using the different covariates available in our questionnaire (see Table 3 for more details). We followed the forward method to determine the final list of variables included in the model. At a 95% confidence level, we rejected the null hypothesis that all coefficients were jointly equal to zero. Our estimated model (Table 4) To estimate the risk and survival functions that consider the effect of different independent variables, we used the semi-parametric proportional risk model from Cox [52] because it does not impose any restrictions on how the baseline risk function should be and also because it performed better with our dataset. The model was estimated using the different covariates available in our questionnaire (see Table 3 for more details). We followed the forward method to determine the final list of variables included in the model. At a 95% confidence level, we rejected the null hypothesis that all coefficients were jointly equal to zero. Our estimated model (Table 4 ) explained 76.2% of the variation in survival times by the covariates. Significance levels: *** p < 0.001; ** p < 0.01, * p < 0.05.
Results indicated that seven covariates were better associated with the adoption rate of improved seeds among maize farmers in the area of study. As expected, young farmers tended to easily adopt the improved seeds; this is in line with the literature where [27, 88, 89] found that older farmers tended to prefer their traditional agricultural practices. Furthermore, young people were associated with higher risk-taking behaviour than the elderly, as shown by Simtowe et al. [90] . Our results also showed that the increase in the number of generations working in agriculture also increased the adoption of improved seed. In this context, farmers who had extensive experience from previous generations were able to better evaluate information about agricultural technology and better appreciate the advantages offered to them [91] .
The dummy variable representing policy changes of the reforms undertaken by NAFTA in 1994 was also significant and negatively associated with the decision to adopt the improved seeds. That Significance levels: *** p < 0.001; ** p < 0.01, * p < 0.05.
The dummy variable representing policy changes of the reforms undertaken by NAFTA in 1994 was also significant and negatively associated with the decision to adopt the improved seeds. That is, with the introduction of NAFTA in Mexico, the rate of adoption of improved seeds significantly decreased. This result can be explained by the fact that the policy reform led to an increase in the price of the improved seeds, which negatively affected the production costs for both farmer groups, that is, the farmers who had already cultivated the improved seeds and those likely to adopt them. An increase in the production costs resulting from policy changes might negatively affect the adoption rate of technology [78] . These findings coincide with Nadal and Wise [92] , who analysed the NAFTA impact and mentioned that farmers continued planting their own seed. Moreover, Nadal [93] highlighted that NAFTA affected the credit support and infrastructure of farmers, which sheds light on the low rate of adoption after the policy reform.
In the same way, our results showed that the adoption of improved seeds was affected by the number of family members working in the maize production process. The higher the number of family members, the lower the adoption rate. Farmers with the largest number of families involved in growing maize had fewer resources to invest since most of the resources were estimated to self-substance and maintenance obligations [89] . Due to budget constraints resulting from the high level of family expenditure (the number of family members of creole farmers was higher), the farmers were restricted in the choices they made on which technology was employed, the degree of innovation and their choice of crops [27] . Our results showed that creole household farmers had six family members, in contrast to the adopter farmers (three family members). These results help to understand that they are forced to select and save the best seed from a previous production season for their use in the following year; in contrast to what happens with improved seed, which must be purchased each year to ensure expected returns. This previous result was in agreement with what Di Falco and Bulte [94] found regarding the negative impact of family members on adoption rate. The authors mentioned that the number of families involved in production could negatively interact with the speed of technology adoption. Mafuru et al. [95] also found that the probability of adoption of maize technology in Tazmania reduced by 1.9% for an increase in one unit of family labour. However, the literature also reflects some contrary results as in the case of Noltze et al. [96] , who indicated that large families provide the labour required for maize production practices and this may increase the adoption rate of improved seeds.
Results showed that the courses farmers received and the extension contacts on the best farming practices had a positive impact on the adoption rate. The continuous contact a farmer has with extension agents makes them aware of new technologies and how to apply them. Farmer perception towards innovation largely depends on their knowledge and information level and may increase their adoption rate. Farmers' knowledge on improved agricultural technology can be accelerated with the help of extension agents and farm information sources [88, 97] . Likewise, other studies deem farmer objectives as relevant factors in explaining the decision to convert [98] ; however, in our case study, this variable was not statistically significant. When analysing farmer perception towards the improved seeds using a confirmatory Principal Component Analysis (CPA), the results showed that the probability of adoption increased when perception was positive. Those who believed in the impact of the improved seeds in increasing their household income with better market acceptance of their products and higher productivity were more likely to adopt, that is, had a higher hazard to convert. This finding was in agreement with what Parra and Calatrava [85] found regarding positive attitudes positively influencing the decision to adopt. Becerril and Abduali [99] mentioned that the adoption of improved maize varieties helped increase the household per capita income by 136-173 Mexican pesos, as an average; thereby reducing their probability of falling below the poverty line by roughly 19-31%.
Regarding the farmers risk behaviour variable, the results of the confirmatory PCA showed that farmers that exhibited risk-loving behaviour were more likely to adopt technological innovations. These results were similar to those obtained by Brick and Visser [100] , who showed that farmers who were risk averse were less likely to use modern agricultural inputs. This result was also in agreement with Albert and Duffy [101] , who found that risk aversion increased with age and decreased with increasing cognitive ability [102] . Figure 9 shows the conditional probability that farmers adopt improved maize seeds in different periods of time with respect to the possible values of the explanatory covariates included in our model (Table 4) . Taking into account the estimated survival time by regressing the proportional risk of Cox, the probability that a farmer will adopt before twenty years was 50%. explanatory covariates included in our model (Table 4) . Taking into account the estimated survival time by regressing the proportional risk of Cox, the probability that a farmer will adopt before twenty years was 50%. 
Conclusions
This study focused on the evaluation of the determinant factors affecting the adoption rate of improved maize seeds as well as the time of the conversion decision in Chiapas (Mexico), using the survival analysis model. The dependent variable represented the year in which the farmer was responsible for planting maize until the time of the adoption. The explanatory variables considered were the characteristics of the farmer and the farm, farm management, exogenous factors and attitudes and risk behaviours. We used the Principal Component Analysis (PCA) to reduce the information regarding the perception and risk behaviour. Our results showed that 60% of farmers adopted the improved seeds within the first 10 years after they were responsible for the farm. Additionally, the results showed that this adoption rate also varied by location. Therefore, agricultural development strategies should address the different categories of farmers and locations to promote successful and improved seed maize adoption in the various locations.
These results provide the basis for better informed policy interventions in rural areas where an increase in the productivity of maize is required. Given the importance of the crop in the state of Chiapas, there is significant interest in understanding the determinant factors for the adoption of the improved seeds. Our study confirmed that young farmers with low numbers of family members and high numbers of generations, who were also dedicated to agriculture, had sufficient information about innovation and were willing to take risks, were more likely to adopt improved seeds. Our results also revealed the incapacity of the agricultural reform of NAFTA in 1994 to ensure sustainable economic growth. This reform decreased the rate of adoption of improved seeds, which could be because the non-adopter farmers suffered from an increase in production costs. Furthermore, small producers of maize during the transition period of NAFTA reforms were exposed to high levels of market volatility and uncertainty. Accordingly, future trade agreements must be accompanied by policies that protect the most vulnerable strata of the population.
The importance of government support during the production process and market prices may play an important role in mitigating risk perception; this would also be a valid strategy in increasing the adoption rate of technologies. Agricultural reforms must have features that incorporate new programs for the transfer of financial resources, especially those focused on small producers. In light of this, agricultural development strategies should address the various categories of farmers and locations to successfully and efficiently promote the adoption of technological innovation. Additionally, extension efforts should be strengthened to increase the flow of information to farmers. 
The importance of government support during the production process and market prices may play an important role in mitigating risk perception; this would also be a valid strategy in increasing the adoption rate of technologies. Agricultural reforms must have features that incorporate new programs for the transfer of financial resources, especially those focused on small producers. In light of this, agricultural development strategies should address the various categories of farmers and locations to successfully and efficiently promote the adoption of technological innovation. Additionally, extension efforts should be strengthened to increase the flow of information to farmers. Similarly, courses from qualified agents would increase the likelihood of changes towards the adoption of improved maize seed.
Policies promoting the adoption of improved seed maize should take into account the nature and factors that determine the adoption rate. The understanding of the dynamics for the adoption may help improve strategies to accelerate adoption. Rural extension should aim to improve the quality of life of the rural population in a sustainable way. The public extension service plays an important role but could be strengthened to provide objective and timely information. Abandoning public breeding programs could, therefore, lead to less technological diversity and higher seed prices, which would have negative implications for agricultural development in general and smallholder farmers in particular. To achieve the above, it is necessary to create joint actions among all the actors involved in the sector. In this way, our study contributes to the development of new research, transference and adoption of future technologies. The adoption of improved seeds together with technological innovations can increase the productivity of maize in non-irrigated lands in Mexico. This will allow to satisfy the national demand and, therefore, contribute to the sustainability of the local economy. The challenge is to increase maize production sustainably without degrading the natural resource base. Producers who choose to continue using creole seeds can direct them to new markets with defined characteristics, which can also improve the production units and the living conditions of the rural population. In all cases, it is worth mentioning that the results should be taken with caution because of the sample characteristics. 
